Abstract
3
A parametric study is carried out here with the GEBA using the whole-section M-κ model 
109
A integration details from section to global quantity can be found in Guan & Burgoyne 2014a.
110
In those parts of a statically determinate beam remote from the debonding location, the (Section A). In PE debonding, the section will be close to the plate end and the steel will not 121 be yielding, and therefore the nonlinearity of the concrete response is usually insignificant. determination of the M-κ relationship, (Points P and Q in Fig. 1(b) ), its effect on the section 160 energy would already have been included in the strain energy calculation.
162
The energy that can be released to propagate a debonding fracture is the energy that could be 163 recovered in an unloading process. However, unlike the situation for M-κ models in 164 describing the loading response, there has been a lack of attention paid to the beam unloading 165 response. The assumption here assumes linear-elasticity so that beam sections close to the 166 plate ends would unload to the origin ( Fig.1 (b) concrete fibre respectively; y is the distance from the neutral axis to the F sc . The GEBA is relatively complicated and involves many parameters. In order to determine 274 which are the relevant parameters to be used in a parametruc study, a very simplified analysis 275 is presented here to determine the key parameters. The parametric study itslef, which follows 276 is then carried out numerically using the detailed GEBA with the M-κ model M1 (Guan and be determined by considering equilibrium of the section force (Eq. 7) and moment (Eq. 8)
286
using the symbols shown in Fig. 4 : Since the section is assumed to be fully-bonded, the geometric relationships in Fig. 4 give
In order to deduce to the most important parameters, the concrete cover thickness (c), and the 302 FRP plate and adhesive layer thickness (t f +t a ) are initially ignored; their influence on 303 debonding is discussed in detail later. Substituting Eq. 9 into Eq. 8 gives
Eq.10 can be made dimensionless with the conventional flexural design section property The flexural capacity of the midspan section is not considered as a separate constraint, 391 although in practice it will limit how far the DBC will extend. 
Design of the standard beam

394
For the purposes of comparison, a basic standard beam is considered in Fig. 7 , with the 395 properties given in Table 1 .
397
Under each load, G R is computed for the curtailment length (L cur ) varying from 200mm to 398 600mm. The reinforcing steels is specified as a ratio rather than as a number of discrete bars.
399
The nominal FRP and adhesive layer thicknesses are only used to determine the moment arm both the debonding and beam strength consideration, which is beyond the scope of this paper.
446
The details of an FRP retrofitting design method based on the same principles can be found in The concrete cover influences the section analysis via the geometry, which affects the energy 480 release rate (G R ) computation in GEBA. The concrete cover thickness is studied for standard 481 beams of 400 mm and 800 mm deep. By varying only the cover thickness from 5% to 15% of 482 the beam depth, the change of DBC is as shown in Fig. 12 .
484
The idealised 'zero cover thickness' condition is also presented to show that in the G R 485 computation the effect of concrete cover thickness is insignificant. Its influence on energy 486 release rate is small, and that influence is related to the absolute value of the thickness instead 487 of its ratio to the beam depth. Hence it is reasonable not to consider the cover thickness propagates at about 45º to the interface, up to the level of tension-steel bars in the concrete 497 cover layer (Fig. 13) . The peeled part of the plate carries no force, so the effective plate end shows that this is closely associated with the energy released when the FRP debonds. It has been shown that plots of the debonding contour (DBC) can be drawn on axes that relate 
